This study evaluates consumer perceptions of what "sustainably produced" food labels imply and estimates corresponding demand for products carrying these labels. Results suggest that the typical U.S. consumer is not willing to pay a positive premium for beef, tomatoes, or apple products labeled as "sustainably produced." Demand is particularly sensitive to inferences consumers make regarding what a "sustainably produced" food label implies. Suggestions for future work and implications of standardizing the definition of sustainability are provided.
Food produced using "sustainable" production practices is receiving increasing degrees of attention in both public and private arenas. More food products are being marketed using "sustainable" or "sustainably produced" labeling claims, and the public sector is increasingly investing in the adoption of sustainable production practices [i.e., USDA-SARE (Sustainable Agriculture Research and Education) program]. A search of the Mintel Global New Products Database identifies 483 new food products, introduced in North America between January 2007 and January 2009, that carry "sustainable" or "sustainably produced" phrases in their labels. As interest in sustainably produced food increases, questions arise about what consumers perceive when faced with "sustainably produced" labels. For instance, consider an example product description as identified by Mintel:
"World Berries Organic Inca Berries, also known as gooseberries, is vegan raw
food, produced by sustainable methods, and sourced from all over the world."
A reasonable question to ask is: What do consumers infer from labeling claims of "produced by sustainable methods"? Moreover, what is the corresponding demand for products carrying such labels? Estimation of not only acceptable price premiums, but consumer-specific determinants of these premiums are vital to the success of firms interested in building and maintaining a profitable market for their product. If consumers' willingness to pay (WTP) for sustainably produced food is primarily driven by implicit inferences from incomplete labels, the profitability of products labeled as "sustainably produced" may be particularly sensitive to any efforts to standardize labeling. Additionally, answers to open questions such as these will help inform public resource allocation decisions related to sustainability. In particular, public sector officials interested in efficient markets and the welfare impacts of alternative food labeling strategies will benefit from additional insights regarding consumer demands for and perceptions of "sustainably produced"products.
Accordingly, the core objective of this article is to initiate the process of examining consumer inferences and valuations of food products carrying "sustainably produced" labels. Using stated preference data obtained in a national survey of U.S. consumers, we investigate consumer perceptions regarding definitions of "sustainable production" and estimate consumer WTP for beef, tomatoes, and apples carrying corresponding labels.
The rest of the article is organized as follows. A brief summary of the literature is provided, followed by a review of the contingent valuation methods used and a description of the national survey-based data used. The last two sections outline the results and findings of the study and provide a discussion of this study's implications as well as some suggestions for future research that would leverage our initial findings.
Background Surprisingly, relatively little economic research has focused on sustainability in the context of agricultural production practices. Some exceptions are: 1) Calker et al. (2005) , who surveyed experts in a variety of technical fields to examine the extent to which production practices can be considered sustainable; 2) Callens and Tyteca (1999) , who suggest a framework for evaluating (using economic, social, and environmental metrics) the productive efficiency of agricultural firms in the context of overall sustainability; and 3) Rigby and Caceres (2001) and , who consider the relationships between sustainability and organic farming practices. Within this limited literature on sustainability, very little of the research has focused on consumer perceptions and corresponding demand for sustainable production practices and resulting food products.
There has been, however, much research regarding credence attributes in food and corresponding consumer demand. For instance, there are extensive literatures evaluating genetically modified products Fox 2003, Tonsor et al. 2005) ; country or region of origin Umberger 2007, Alfnes and Rickertsen 2003) ; use of growth hormones (Alfnes 2004) ; and locally produced food (Darby et al. 2008) . Moreover, substantial effort has focused on the welfare impacts and consumer valuations of alternative food labeling regulations (i.e., Lusk and Fox 2002 , Radas, Teisl, and Roe 2008 , Zago and Pick 2004 , Hu, Adamowicz, and Veeman 2006 . Kardes, Posavac, and Cronley (2004) note, "Because products are rarely described completely, consumers often form inferences that go beyond the information given." (p. 230.) The issue of consumer inferences is well noted throughout the marketing literature (Huber and McCann 1982 , Islam, Louviere, and Burke 2007 , Johnson and Levin 1985 , Meyer 1981 . Moreover, several other studies have noted the substantial impacts consumer perceptions may have on the demand for food products (Moon and Balasubramanian 2003 , Kaiser, Scherer, and Barbano 1992 , Zepeda, Douthitt, and You 2003 , McCluskey et al. 2003 . Again, in the context of our study this raises the question: What do consumers infer from labeling claims of "produced by sustainable methods"? For instance, does the term induce inferences from consumers regarding farm ownership or size, and/or specific production practices such as use of organic or more environmentally friendly methods? As noted by Darby et al. (2008) in their evaluation of "locally produced" foods, the ability of a marketing firm to differentiate their product hinges critically on an accurate understanding of the perceptions consumers hold regarding what a credence labeling claim implies. Understanding these perceptions is crucial to the successful product placement of target marketers.
In summary, we are unaware of existing research examining: a) what consumers may be willing to pay (WTP) for sustainably produced food products, or b) the inferences consumers make when presented with a food label containing the phrase "sustainably produced." Building upon existing work evaluating other food attribute labels (e.g., genetically-modified products, region of origin, use of growth hormones) and the impact of consumer inferences (e.g., implicit associations made from explicitly provided information), we seek to begin addressing these gaps in the literature regarding food products with "sustainably produced" labels.
Methods
We begin by succinctly summarizing the general inferences model put forth by Meyer (1981) and Huber and McCann (1982) . In short, the general inferences model assumes that consumers make inferences regarding attributes that do not explicitly appear on a product's label and that these inferences are formed such that the probability of the attribute under consideration is replaced by the consumer's personal assessment. If one defines the consumer's general preference relationship (f) to be a function of explicitly presented attributes X 1 and attributes not appearing on product labels X 2 , this leads to consumer preference functions of the form:
For the purpose of this paper, the general inferences model is useful in examining how assessments of what "sustainably produced" means to consumers can shed light on why consumers may value differently food products that carry "sustainably produced" labels. To estimate consumer demand for sustainable food products, we followed a double-bounded dichotomous choice (DBDC) approach that has frequently been used to examine demand for many other products (i.e., Kimenju and Groote 2008) . We primarily chose the DBDC approach, given its prominence in the contingent valuation literature and the finding of Hanemann, Loomis, and Kanninen (1991) that DBDC methods are more efficient than singlebounded approaches.
1
As in many other evaluations of food product attributes and consumer demand (e.g., Hu, Adamowicz, and Veeman 2006 , Nilsson, Foster, and Lusk 2006 , Moon and Balasubramanian 2003 , McCluskey et al. 2003 , De Pelsmacker et al. 2005 , our survey was hypothetical, as participation in it did not include exchange of actual money or products. Accordingly, we employed a "cheap-talk" strategy-introducing survey participants to the concept of hypothetical bias-that has been found to be effective at reducing hypothetical bias itself in subsequent responses (Lusk 2003, Cummings and Taylor 1999) . In particular, our survey included the following text employed by Lusk (2003) (2002) as we assess demand in a way that allows for both negative and positive premiums to occur. In particular, we conducted a survey requiring participants to respond to the following question: Would you be willing to pay a premium for beef labeled as "sustainably produced"? YES OR NO.
2 Respondents were then presented with a subsequent question, conditional on their first response. If the participant responds "YES" ("No") the respondent was presented with the follow-up question: Would you buy beef labeled as "sustainably produced" if it cost X% more (less) than beef not labeled as "sustainably produced"? YES OR NO.
3 In this question, X% varied randomly between 1% and 100%. Notice that this approach allows for consumers who initially indicated they would not pay a premium for a sustainably labeled product to reveal the discount at which they would select a sustainably labeled rather than conventional product. Accordingly, net willingness to pay (nWTP) is identified by this question sequence.
The four possible outcomes to these two questions are a) "no" to both; b) "no" followed by "yes"; c) "yes" followed by "no"; and d) "yes" to both. This in turn isolates one range containing
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1 Here we provide only a succinct overview of DBDC methods. Interested readers are referred to Hanemann, Loomis, and Kanninen (1991) , who provide a more through overview.
2 A reviewer noted the possible uncertainty that could result from the lack of a specific premium being noted in the initial question. In our model, the premium was set at 0.01 following Loureiro, McCluskey, and Mittelhammer (2002) , while our conclusions were insensitive to also using 0.00 and 0.10. While consistent with prior work, this issue is worthy of further investigation in the future. each individual's nWTP from the four general possibilities of: (nWTP < -X), (-X ≤ nWTP < 0), (0 ≤ nWTP < X), and (X ≤ nWTP). We denote the probability of each outcome as respectively. Given a sample of K respondents, the log-likelihood function to be maximized is:
( 1) where
and d i
YY are binary variables with 1 denoting the occurrence of that particular outcome, and 0 otherwise.
To empirically operationalize the model, nWTP is specified as:
where X is the randomly selected premium or discount amount faced by individual i; Ζ Ζ is a vector of individual-specific characteristics; Γ Γ is a vector defining associations consumer i makes from "sustainably produced" labels regarding the presence of other attributes; and α 0 , α P , β β and λ λ are parameters to be estimated. We also specify ε ∼ f (0, σ 2 ) where f denotes a cumulative distribution function assumed to be the standard logistic distribution (i.e., distribution with mean zero and standard deviation ). Upon estimation, mean nWTP is calculated as: denote sample average values (Kimenju and Groote 2008) .
Data
We collected information about consumer perceptions and preferences for food labeled as sus tainably produced via a national survey of U.S. consumers. Surveys were administered to U.S. households online with participants being recruited from a large opt-in panel (Louviere et al. 2008) . Online surveys are increasingly being used by
researchers, given their cost and completion time advantages relative to mail, phone, and in-person approaches (Hu, Adamowicz, and Veeman 2006) . Additionally, Hudson et al. (2004) find that Internet surveys do not suffer from non-response bias. Fleming and Bowden (2009) and Marta-Pedroso, Freitas, and Domingos (2007), respectively, found that a web-based survey produced results similar to companion conventional mail and in-person interview surveys. Participants were recruited from a panel maintained by Survey Sampling International to be representative of the U.S. population. In October 2008, 1,502 surveys were completed resulting in a national sample consistent with U.S. demographics (United States Census Bureau 2008). To examine preferences for alternative products, three different survey versions were administered that differed only based upon the product in question. Accordingly, we obtained 500, 502, and 500 completed surveys focusing on beef, tomato, and apple products, respectively.
Summary statistics of selected demographics from each of the three samples are provided in Table 1 . Female respondents outnumbered male respondents as our survey sought out the primary grocery/food purchaser in the household (Loureiro, McCluskey, and Mittelhammer 2002) . The mean respondent was about 44 years old; the mean income was approximately $46,000-$48,000; 22 percent-24 percent of respondents had earned a college degree; and the mean number of children ranged from 0.78 to 0.89 in the three productspecific samples. With the exception of gender, these demographics are generally consistent with those of the overall U.S. population (United States Census Bureau 2008).
The representative respondent in each sample consumed (Consume) the product in question at least three times per week. To assess familiarity with production practices, we asked participants when they last visited (Visit) a farm. Approximately three-fourths of the beef survey respondents indicated they have not visited a farm where animals/livestock (milk and/or meat) were being raised for human consumption. In contrast, over 50 percent of tomato and apple survey respondents indicating they have visited a farm with vegetables and/or fruit being raised for human consumption. While simply visiting a farm doesn't perfectly inform consumers of production practices, this difference in visit frequency may suggest U.S. consumers believe they are more familiar with vegetable and fruit production than meat production. Moreover, this difference may influence demand for a given attribute across alternative products.
To more completely understand consumer perceptions regarding food products carrying "sustainably produced" labels, the survey included the question: "What does your definition of a beef farm using 'sustainable production' practices entail?" requiring participants to indicate from a list of ten attributes which, if any, attributes they associate with "sustainable production."
4 Table 2 shows the frequency that each attribute was selected by each product-specific sample. Over 60 percent of respondents in each sample indicated that their definition of sustainable production includes "hormone-free," "organic production," "natural production," and "environmentally friendly." Moreover, about 70 percent of the tomato and apple (beef) respondents indicated "pesticide-free" ("pasture-based") associations. In contrast, perceptive links between ownership, farm size, or labor source and sustainable production were present, but relatively lower. While one would like to incorporate each of these individual association variables into the analysis [i.e., components of Γ Γ in equation (2)], this is avoided due to multicollinearity concerns, as several of the attributes are frequently highly correlated. To more appropriately incorporate this information, we identified the subset of associations with correlations under 0.50 and included them in our estimated models. Responses to the first question reveal 55.0 percent, 60.1 percent, and 59.8 percent indicated they were not willing to pay a premium for beef, tomatoes, and apples, respectively, labeled as "sustainably produced." However, 34.6 percent, 43.0 percent, and 43.6 percent indicated a willingness to buy beef, tomatoes, and apples, respectively, labeled as "sustainably produced" when discounted by the randomly presented X%. Moreover, roughly 15 percent in each sample indicated a willingness-to-pay premium of X%. To more precisely evaluate aggregate demand we estimated an array of dichotomous choice models.
Results
To evaluate demand for products labeled as "sustainably produced" we optimized equation (1), incorporating equation (2), using NLOGIT (Greene 2008) . Mean estimates of nWTP range from -8.4 percent to -5.9 percent across products and models. This suggests that, to be indifferent in their purchasing decisions, the representative consumer would require 5.9 percent, 6.0 percent, and 8.4 percent reductions in the price of beef, apples, and tomatoes, respectively, that carry labels indicating the use of sustainable production practices. Evaluating confidence intervals of the preferred models including multiple covariates, identified using Krinsky and Robb (1986) bootstrapping techniques, indicate that mean nWTP is significantly below zero for all three products. Moreover, these confidence intervals cover a range of approximately 10 percent, reflecting substantial variability in the mean nWTP estimates. Furthermore, we fail to reject the hypothesis of equality in mean nWTP (in "percent" terms) for the representative consumer between sustainably produced beef, tomato, and apples as the estimated confidence intervals are overlapping. Table 3 also provides insights into the covariates that significantly influence nWTP. Demand for beef, tomatoes, and apples labeled as sustainably produced is found to be higher for individuals associating sustainable production with production practices that include organic and environmentally friendly. Sustainably produced beef demand is a, b, c Actual survey questions are provided in the Appendix. 
Table 2. Summary Statistics for Sustainable Production Definition Perceptions
found to be higher for younger consumers, those with higher incomes, and those perceiving pasturebased methods to underlie "sustainably produced" labels. Consumers with a college education are found to be willing to pay more for both sustainably produced tomatoes and apples. Moreover, sustainably produced tomato demand is weaker for households with more children living at home, while nWTP for sustainably produced apples is higher for those more frequently consuming apples. Entities interested in producing and marketing products using "sustainably produced" labels are arguably less interested in the demand of representative consumers than in the demand of select consumers most interested in their product. That is, as a new claim or a marketing strategy targets select individuals, demand for the entire population may not be of central interest. Accordingly, we also evaluated demand for the subset of respondents (45.0 percent, 39.8 percent, and 40.2 percent, respectively, for beef, tomatoes, and apples) indicating they were willing to pay a premium. This effectively resorts to estimating a single-bounded model (Hanemann, Loomis, and Kanninen 1991) using only responses to the follow-up question presented to participants with affirmative answers to the initial question. 7 We refer to this as an assessment of conditional demand, as the evaluation is conditional on initial indication of interest in the product. The corresponding conditional log-likelihood function can be written as: (3) where d i Y and d i N are binary variables with 1 denoting the occurrence of that particular outcome and 0 otherwise, and M is the number of respondents with affirmative answers to the initial question.
Equation (3) was optimized using the functional specification shown in equation (2). Table 4 presents results for the estimated conditional demand models of each product. Mean estimates of conditional net willingness to pay (cnWTP) suggested by preferred models including multiple covariates are 11.6 percent, 19.5 percent, and 23.0 percent, respectively, for apples, tomatoes, and beef. This would suggest the typical consumer who initially indicated a willingness to pay a premium for a product labeled as being "sustainably produced" would tolerate premiums ranging from 11.6 percent to 23.0 percent depending on the product, before they would decide to purchase an alternative. However, examination of confidence intervals indicates that mean cnWTP is significantly above zero only
for beef. Furthermore, all the confidence intervals are very wide, indicating notable variation in cnWTP estimates. By comparing confidence intervals of the three products, we fail to reject the hypothesis of equality in cnWTP (in "percent" terms) between sustainably produced beef, tomatoes, and apples. Consistent with population-wide, nWTP, Table 4 indicates that conditional nWTP for apples labeled as "sustainably produced" are higher for individuals associating sustainable production with environmentally friendly production practices. Moreover, cnWTP for tomatoes is higher for those with a college education and those making smaller farm size inferences with sustainable production labels. The model also suggests that having visited a vegetable or fruit farm within the last five years increases cnWTP for apples and reduces cnWTP for tomatoes. It is also noteworthy that notably fewer model covariates are significant in our conditional demand evaluation.
Our results suggest that identifying individuals, at least based upon the factors considered here, for target marketing efforts may be challenging for those interested in effectively promoting food carrying sustainably produced labels. This challenge is primarily presented by the importance of consumer beliefs regarding what sustainability means, an unobservable trait to marketers, relative to observable demographic characteristics.
Conclusions and Implications
This study provides the first known evaluation of U.S. consumer perceptions of what "sustainably produced" implies and of the corresponding demand for food products carrying "sustainably produced" labels. Given the recent acceleration in both private and public investment and interest in "sustainability," this study provides a timely contribution that enriches the understanding of public perceptions and preferences for "sustainably produced" food products. Our results suggest that the typical U.S. consumer is not willing to pay a positive premium for beef, tomatoes, or apple products labeled as "sustainably produced." However, when evaluating only the subset of respondents initially showing interest in the product, our analysis estimates that a positive premium for sustainably produced beef may exist. This suggests that successful marketing of food (or at least beef, Tables 1 or 2 . a Income was divided by $1,000 to facilitate model convergence.
b cnWTP point estimates were calculated at the mean level of included covariates. c cnWTP Confidence intervals were calculated using Krinsky-Robb bootstrapping techniques. The presented models were estimated using only observations from respondents responding with an affirmative answer to the initial WTP question. tomatoes, or apples) by use of "sustainably produced" labels may not be successful for the general public and may require target marketing to select consumer sub-samples. Demand for beef, tomatoes, and apples labeled as "sustainably produced" is found to be substantially higher for individuals associating sustainable production with production practices including organic and environmentally friendly, as well as farm size and use of hired labor or pastoral methods. In the current absence of a globally accepted, standardized definition of "sustainable," this finding suggests that entities currently marketing food products under such claims may be particularly sensitive to future efforts to standardize or harmonize labeling information. In particular, any events that trigger consumers to weaken (strengthen) current associations between sustainability and these other production practices (namely organic and environmentally friendly) seem likely to significantly dampen (enhance) demand for sustainably produced food.
While this study does provide valuable insights into U.S. consumer issues regarding sustainably produced food products, it raises several interesting issues as well. It would be useful to further examine the types and sources of information that consumers use in processing food labels, with a particular focus on issues that may impact their internal assessment of what "sustainably produced" implies. It would also be useful to examine other food products and to use non-hypothetical methods. Furthermore, it would be valuable to conduct additional experiments designed to evaluate label valuations when alternative forms and levels of information are provided to consumers. This may provide insights into the future viability and value of target marketing or efforts to educate U.S. consumers regarding sustainable production issues. Moreover, it would be useful to assess public support for alternative legislative scenarios that may further encourage or mandate the use of sustainable production practices.
